Abstract-In this paper, a visualization system of immersion into 3D magnetic field based on the augmented reality technology using a head mounted display, for education purpose, is presented. By utilizing the proposed visualization method, a user can easily observe and perceive in real-time a magnetic field distribution generated by single/multiple sources (e.g., permanent magnets and/or coils) and other magnetic/nonmagnetic material in an augmented 3-D space.
I. INTRODUCTION
In a previous study, we have already proposed a real-time visualization system utilizing an augmented reality technology for magnetic field visualization in 2-D space [1] , [2] . To improve the visualization ability and the education effect, a new real-time method for drawing magnetic flux lines in 3D space is developed and presented in this paper. The proposed system provides the observation of a magnetic field distribution and its stereoscopic vision in 3-D space using head mounted display (HMD). Additionally, the user can freely and interactively move sources or objects, and observe the magnetic field distribution change in real-time.
II. THE PROPOSED IMMERSIVE VISUALIZATION SYSTEM
Since the proposed visualization method employs the BiotSavart's law, it is not necessary to calculate the distribution of the magnetic flux density vector for a whole analysis domain, rather only at an observation point. As a result, the methodology combining the computation of magnetic flux density vector based on the Biot-Savart's law and the magnetic moment method with the virtual particle method for flux line visualization enables realization of a true real-time visualization system in 3-D space.
Although the magnetic flux lines could be calculated in the 3-D space, it is difficult to 3-dimenstionaly perceive those magnetic flux lines, because an ordinary 2-D display gives the user the less depth of the magnetic flux lines. As a solution, our system adopts a binocular stereoscopic visualization technique as shown in Fig. 1 . The system consists of a web camera and a HMD fully compatible for 3-D image processing.
Finally, our developed visualization system has a several additional features, such as visualization of magnetic field interference between different magnetic sources or objects, e.g., between a permanent magnet and an iron core (see Fig. 2 ). computer original image stereoscopic image (side-by-side format)
left-eye image right-eye image Fig. 1 . The components of the developed binocular stereoscopic 3D visualization system. Initially, an original image is captured by a web camera attached on a HMD. Next, magnetic flux lines are calculated, and then two separate images, for right and left eyes, are produced. These images are unified in a side-by-side format and are sent to the HMD as a single stereoscopic image. Fig. 2 . Working examples -models of two permanent magnets (upper left), a permanent magnet with a C-shaped iron core (upper right and lower left), and two permanent magnets with a C-shaped iron core (lower right).
